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Global warming poses a major threat to our civilization that has led to unsustainable 
development worldwide. Though there are different strategies for global warming 
mitigation, carbon sequestration in water column via microalgae is the eco-friendly, cost 
effective and sustainable tool to capture and utilize carbon in a beneficial way. Microalgae, 
Chlorella sp. was cultured in ex situ using (a) standard basal medium as control, (b) culture 
medium aerated, (c) exogenously introduced liquid carbon dioxide into the culture medium. 
The growth of Chlorella was also examined under different pH (4 - 11) of the culture 
medium as well as in various dilutions (0, 25, 50%) of effluents of a Brewery under 
autoclaved and non- autoclaved conditions. There was no marked difference in growth of 
Chlorella sp. between 0 - 166 hours and between 218 - 272 hours either, but significant 
difference (P < 0.05) in growth was clearly discernable during the peak period among the 
treatments. Exogenously introduced CO2 or aeration of the culture medium did not 
significantly improve the growth over basal medium suggesting that optimal conditions of 
carbon or oxygen have prevailed in the basal medium of culture. There was a sharp 
dichotomy of pH effects on the growth of Chlorella as growth was distinctly higher at pH 8 
to 11 compared to the remaining pH (4 - 6) showing no significant differences (P > 0.05) 
among themselves. Chlorella sp. grown in brewery effluent showed the maximum growth 
in 50% and 25% dilution of non autoclaved and autoclaved effluent of beverage factory 
respectively suggesting that autoclaving saved 25% of bacteria driven nutrient demand. 

 
 

1. Introduction 
 
Global warming poses major threat to our civilization that has 
led to unsustainable development worldwide. The primary 
reasons have been traced to the increasing trends of emission 
of greenhouse gases (GHGs) from industrial and 
anthropogenic sources into the atmosphere. These GHGs 
cause depletion of ozone layer thatprotects the atmosphere 
against UV radiation, thereby warming the atmosphere. As a 
result, the average concentration of CO2 increased from 315 
ppm in 1960 to 380 ppm in 2007 (IPCC, 2007).Further, there 
has been more than 35% increase in CO2 emission worldwide 
since 1990.This concern has become the main stimulus for 
much research being carried out worldwide. Though there are 
different major strategies such as trapping of atmospheric 
CO2from the atmosphere, long term oceanic storage and 
biofuel or biochar production, sequestration in water column 
via microalgae and macrophytes and carbon sink in bottom 

sediments of wetlands have been identified as a promising 
tool for mitigation of global warming. The acquisition of 
CO2 through the biological process is eco-friendly, cost 
effective and sustainable to capture and utilize carbon in a 
profitable manner (Jana et al., 2016). It has several 
advantages for creation of mild conditions for CO2 fixation 
and trapped CO2is incorporated into carbohydrates and lipids 
and algal biomass can be transformed into biofuel and 
biochar (Peterhansel et al., 2010; Solovchenko and Goldber, 
2013; Nogia et al., 2016) or natural algal food for fish and 
human consumption. This is a win-win strategy towards 
carbon mitigation and production of low carbon foot print 
fish, especially in tropical countries. 

All photoautotrophs have to produce their own food 
through photosynthesis though their several modifications 
with xanthophylls and caretenoids occurs in higher plants 
(Eonseon et al., 2003).Microalgae are mostly photosynthetic 
and have chlorophyll embedded in the chloroplasts of 
microalgae(Hosikian et al, 2010). 
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Photosynthesis is a process for the conversion of radiant 

energy into chemical energy with the help of CO2and water. 
Altogethersix kinds of photosynthetic pigments (chlorophyll 
a, b, c, d, e and f) and many accessory pigments such as blue, 
red, brown, and gold are present in photosynthetic plant and 
algae. Microalgae are unique example where all kinds of 
photosynthetic pigments including chlorophyll e are present. 
Chlorophyll a is most essential to capture light wavelengths in 
the spectrum of sunlight. Chlorophyll b augments the ability 
of chlorophyll a to capture more sunlight. Chlorophyll c 
occurs mostly in dinoflagellates which also helps chlorophyll 
a to collect more sunlight, but it does not participate in 
photosynthesis beyond the initial stage. Chlorophyll d is 
found in marine red algae and cyanobacteria, and absorbs the 
infrared light of the electromagnetic spectrum. Chlorophyll e 
is a rare type found in some golden algae also assists in light 
capture (Pareek et al., 2017).Recently discovered chlorophyll 
f found in cyanobacteria and oxygenic bacteria absorbs 
further in the red (infrared light) than other chlorophylls. 
Chlorophyll e is a rare type found in some golden algae 
(Schliep et al., 2013).All types of chlorophyll viz. 
Chlorophyll a, b, c1, c2, c3, phytollated Chl c, d and f 

contains Mg. The molecular formula of chlorophyll d is 
C54H70O6N4Mg.  

Photosynthesis is the conversion of photon energy into 
chemical energy to form glucose and water and oxygen is 
released (Fig. 1) as the byproduct. Chlorophylls are made up 
of lipid-soluble hydrocarbon tail (C20H39), a hydrophilic head 
and a magnesium ion at the centre. Microalgal 
photosynthesis occurs in two stages: the first stage is the 
photoactivation of chlorophyll when light energy is initially 
converted to chemical energy in the form of two compounds: 
NADPH, a source of energized electrons; and ATP, the 
versatile energy currency. The second stage is called Calvin 
cycle where sugar is produced (Fig. 1).The Calvin cycle 
starts with the capture of CO2or carbon fixation from air into 
the organic molecule in the chloroplast (Raines, 2003).In this 
cycle when fixed carbon is reduced to carbohydrate (CH2O) 
by the addition of electron provided by NADPH and ATP 
(Johnson, 2016) which are produced by light reactions of 
photosynthesis. In essence, both the steps are coordinated 
with each other because none of the steps require light 
directly.  

 
 
 
 

Fig. 1 A schematic 
representation of the 
photosynthetic process in 
microalgae 

Fig. 2 Culture of 
Chlorella sp. in agar 
medium 
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Chlorella is a freshwater single-celled green alga 
spherical in shape, about 2 to 10 μm in diameter, and is 
without flagella (Fig. 2). It contains the green 
photosynthetic pigments-chlorophyll a and b in its 
chloroplast. Chlorella is rich in protein and a good source of 
several B- complex vitamins and iron, minerals, antioxidants 
including vitamin C and carotenoids. Chlorella is available in 
a variety of dietary supplement and detoxification regimen in 
the form of liquid extracts, tablets and powders. It has 
immense medicinal properties to improve cholesterol and 
blood sugar levels in human being. Further, it is reported that 
chlorophyll may bind with specific cancer-causing agents to 
form molecular complexes and may be useful in blocking the 
carcinogenic effects of these agents (Solymosi and Mysliwa-
Kurdziel, 2017). 

With the help of carbon dioxide, water, sunlight, and a 
small amount of minerals, Chlorella multiplies rapidly in 
water. Because of this unique property, Chlorella has often 
been selected as carbon sequester (Cheng et al., 2006; Chiu et 
al., 2009; de Morais and Costa, 2007) at different 
temperatures and for cleaning the effluents of several 
industries. During outdoor cultivation with solar as the light 
source, biomass productivity is strongly affected by 
environmental factors such as irradiation, temperature (Ugwu 
et al., 2007), CO2% and pH of the medium. 

Despite considerable interest for Chlorella for as dietary 
supplement, medicinal properties, and mitigation options for 
global warming, no systematic studies have been focused on 
its mass production as influenced by different factors like pH, 
CO2, nutrient level so as to harvest the beneficial option for 
different uses. The purpose of the present study is to examine 
the growth responses of Chlorella sp. in different pH of the 
medium under aerated and controlled conditions.    
 
2. Materials and methods 
 
Growth responses of Chlorella were examined in the 
laboratory using (a) standard basal medium as control, (b) 
culture medium aerated, (c) exogenously introduced liquid 
carbon dioxide into the culture medium (Fig. 3). Chlorella 

used in the study was procured from the stock culture 
maintained in the laboratory of ICEE, Kalyani University 
and grown in the basal algal culture medium(Hi Media) 
having the basal requirements (Table 1). All the methods for 
preparation of media, inoculation of Chlorella sp. were done 
following standard procedures of autoclaving of the media, 
serial dilution of the stock culture of Chlorella sp., in the 
range of 105-6 andculture in 500 ml conical flasks in triplicate 
under artificial light conditions for 24 hours. The counts of 
Chlorella grown in different dilutions were enumerated in a 
microscope at different time intervals. The growth of 
Chlorella was also recorded in terms of density of culture 
medium determined in a Spectrophotometer at 680 nm 
against control. 
  

Table 1. Composition of Bold Basal media. 
 

Constituents gm/ L 

NaNO3 25.0  
MgSO4.7H2O 7.5 
NaCl  2.5 
K2HPO4 7.5 
KH2PO4 17.5 
CaCl2.2H2O 2.5 
ZnSO4.7H2O  8.82 g 
MnCl2.4H2O  1.44 g 
MoO3  0.71 g 
CuSO4.5H2O  1.57 g 
Co(NO3)2.6H2O  0.49 g 
H3BO3 11.42 g 
EDTA  50.0 g 
KOH  31.0 g 
FeSO4.7H2O  4.98 g 
H2SO4 (conc)  1.0 ml 

 
 

 
 

 
 
  

Fig. 3 Experimental 
design followed for 
growth of Chlorella sp. in 
algae culture media under 
aerated, exogenously 
introduced liquid carbon 
dioxide conditions 
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2.1. Effect of pH of the culture medium 
 
The effect of different pH of the culture medium was also 
determined; initial pH of the medium was measured with a 
digital pH meter. Different pH of the culture medium (4-
11)was adjusted using 1 N HCl and N/44 NaOH. The culture 
was maintained in500 ml conical flasks. The growth of 
Chlorella sp. and the change of pH in the medium were 
recorded every 24 hours and adjustment of pH, if necessary, 
was done accordingly. 
 
2.2. Growth of Chlorella in the effluents of beverage 
factory 
 
In situ growth performance of Chlorella sp. was determined 
using different dilutions of the effluents of a Brewery factory. 
Effluent of beverage factory was collected and half portion of 
it was autoclaved under 15 lb pressures at 121°C for 20 
minutes and then cooled to the ambient temperature where 
half part was not autoclaved as served as control. Both 
autoclaved and non autoclaved effluents weredilutedby25% 
and 50% in conical flasks and volume was made up to 500 
ml. Dilution was made by adding sterile water where one set 
of wastewater was kept as raw effluent. Culture of Chlorella 

was then inoculated in different dilutions of brewery 
effluents and allowed to grow under artificial light conditions 
in the laboratory. Growth of the algae species was measured 
at 680 nm in spectrophotometer (Shimadzu UV-visible 
Spectrophotometer, Model UV-1800) after every 24 hours 
from the culture till the growth cycle of Chlorella 
terminated. 
 
3. Results and discussion 
 
3.1. Growth of Chlorella sp. 
 
There was no marked difference in growth of Chlorella sp. 
between 0 - 166 hours and between 218 - 272 hours either, 
but significant difference (P<0.05) in growth was clearly 
discernable during the peak period of growth ranging from 
166 to 218 hours (Fig. 4). This was followed by a declining 
phase in all the three conditions including the control. The 
results of the study showed that exogenously introduced CO2 
or aeration of the culture medium did not significantly 
improve the growth over basal medium suggesting that 
optimal conditions of carbon or oxygen have prevailed in the 
basal medium of culture.

 
 
 

 
 

Fig. 4 Growth of 
Chlorella sp. under 
aerated, exogenously 
introduced liquid carbon 
dioxide conditions in 
algae culture media 

Fig. 5 Growth of 
Chlorella in different pH 
of culture media 
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3.2. Growth of Chlorella sp. at different pH 
 
There was a strong dichotomy of pH effects on the growth of 
Chlorella. There were clear-cut effects of pH of the culture 
medium on the growth of Chlorella sp. as growth was higher 
at pH 9 to 11 compared to the remaining pH showing no 
significant differences (P>0.05) among themselves. There 
was no difference during the lag phase of growth, but the 
differences tended to become more pronounced gradually 
after 48 hours when a strong dichotomy in growth was 
registered. The growth under pH of 8 - 11 remained distinctly 
higher than the rest of the pH of the medium tested. The 
growth at pH 7.0 remained higher than pH 4.0 - 6.0 (Fig. 5). 

Optimal pH for growth of several algal species is reported 
to be in the range 7.5-8.5 (Acién Fernández  et al., 2001; 
Chisti, 2008; Marcel et al., 2003; Molina et al., 2001), 
although there are species that can also grow at much higher 
pH (Ogbonna et al., 2000). pH values of beyond 10 can easily 
be reached in algal cultures in the absence of significant 
buffer or CO2 supply and can lead to inhibition of growth 
(Qiang et al., 1996; Richmond and Cheng-Wu, 2001; Zhang 
and Richmond, 2003).Since algae can utilize CO2for 
photosynthesis, rise in pH of water during intense 
photosynthesis is expected (Larsdotter et al., 2007). Besides, 
the precipitation reactions of cations with P at high pH, algal 
growth rate and species composition may also be affected by 
pH, especially in mixed populations in wastewater treatment 
systems. Though the growth of several algal species have 
been reported in the range of 7.5 - 8.5 (Marcel et al., 2003; 
Molina et al., 2001), Chlorella sp. in the present study and 
some other algae (Rhodobacter sphaeroides, Chlorella 
sorokiniana and Spirulina platensis) (Ogbonna et al. (2000) 
were able to grow well at higher pH. This shows that 
Chlorella utilized bicarbonate or carbonate as a source of 
carbon for their growth because of the fact that aquatic 
cyanobacteria and eukaryotic algae are able to use all forms 
of dissolved inorganic carbon (free CO2-CO3-HCO3) the 
dominance of which varied depending upon the pH of water. 
For example, bicarbonate (HCO3) is most dominant (> 50%) 
at pH between 6.4 and 10.3, whereas carbonic acid (H2CO3) 

and carbonate (CO3) are dominant at pH < 6.4 and > 8.3, 
respectively (Jana 1998; Wetzel, 2006).  

It is likely that in Chlorella captured carbon is pumped 
into the cell by bicarbonate transporters present in both the 
plasma membrane and in the chloroplast envelope as 
reported for eukaryotic algae (Spalding et al., 2008). Inside 
the chloroplast, bicarbonate is concentrated, dehydrated 
spontaneously or by carbonic an hydrase through Calvin-
cycle activity, finally yielding algal biomass. 

 
3.3. Growth of Chlorella sp. in non autoclaved and 
autoclaved waste water 
 
There were differences in growth of Chlorella between 
autoclaved and non autoclaved water of a brewery factory. 
Whereas 50% dilution showed higher growth of Chlorella 
than raw or 25% dilution in non-autoclaved effluent (Fig 6), 
it was 25% dilution of autoclaved effluent (Fig.7) had the 
same growth response of Chlorella. This suggests that 
microbial driven nutrient demandwas reduced by 25% in the 
autoclaved ones due to death of bacteria in the brewery 
effluent.  

The algal biomass recovered from the wastewater can be 
used as feedstock for several products including biodiesel, 
biomethane, fertilizer, and nutraceuticals. Several algal 
strains have been reported produce neutral lipids 
(triacylglycerides) that can be converted into biodiesel (Hu et 
al., 2008; Olaizola, 2003; Schenk et al., 2008; Sheehan, 
1998). 
 
4. Conclusion 
 
The conditions prevailed in the standard Bold algal culture 
medium was adequate for growth of Chlorella as no positive 
impacts of exogenously introduced CO2 is or aeration were 
registered. Effect of pH was clearly visible as the growth of 
Chlorella was distinctly higher at pH 8 to 11 compared to pH 
4.0- 6.0. Autoclaving of Brewery effluent saved around 
25%of the nutrients for chlorella growth. 
 

Fig. 6 Growth of 
Chlorella in non 
autoclaved effluent of 
Beverage factory 
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